I read with interest the recently published manuscript from Cançado et al. 1 concerning HFE genotyping of 35 Brazilian patients with iron overload. The authors had found fi ve subjects homozygous for the C282Y mutation, four that had compound heterozygosity for C282Y/H63D and 17 subjects with at least one of the aforementioned HFE gene mutations. Sixteen of the patients had secondary causes of hemochromatosis 2, 3 due to hemolytic anemia, hepatitis C and alcoholic liver disease.
Based on these results, the authors described the presence of hereditary hemochromatosis in 10 patients (28%). They also reported a high frequency of C282Y/H63D heterozygotes (44%) in subjects with secondary iron overload, thus suggesting a role for HFE mutations in the development of iron overload in subjects with secondary hemochromatosis.
These fi ndings should be interpreted with caution and some questions have to be raised in order to understand the role of HFE genotyping in patients with iron overload.
First, it is important to highlight that the authors have not defi ned any criteria for iron overload. Some of their patients had normal transferrin saturation and all had increased ferritin concentration. In addition, no information regarding liver biopsy was provided and it remains unknown whether those patients with hepatitis C or alcoholic liver disease would have been found to have siderosis on liver biopsy. It also has to be acknowledged that, to date, most patients with nonalcoholic steatohepatitis, hepatitis C and alcoholic liver disease who presented elevated transferrin saturation and ferritin levels have not had siderosis on liver biopsy. [2] [3] [4] It was further reported that 10 (28%) of the patients in the study had hereditary hemochromatosis, on the basis of HFE typing. This assumption may be misleading, since the absence of HFE mutations does not rule out hereditary hemochromatosis. 2, 3 Indeed, approximately 40% of Brazilian patients with a well-defi ned phenotype of hereditary hemochromatosis lack classical HFE mutations, thus suggesting the occurrence of other HFE and non-HFE mutations in Brazilian subjects with hereditary hemochromatosis. 5 Conversely, it was assumed that 10 patients in the study had hereditary hemochromatosis, on the basis of the presence of several different HFE genotypes. This could also be mislea ding, since liver biopsy is still necessary for diagnosing hereditary hemochromatosis in subjects who are not homozygous for the C282Y mutation, 3 because of the frequency of these genotypes in the general population. 2, 3 Therefore, it has to be stressed that clear-cut criteria must be used to describe the phenotypes of hereditary hemochromatosis and secondary hemochromatosis. Patients with secondary hemochromatosis do not need to be HFE typed. On the other hand, HFE typing should be performed on subjects with primary iron overload characterized by elevated transferrin saturation and ferritin levels. In those iron-loaded subjects, homozygosity for the C282Y mutation leads to a diagnosis of hereditary hemochromatosis. Any other HFE genotype would require liver biopsy to assess the presence of siderosis. In geographical areas or in families where roles for other ironloading genes have been revealed, mutations in other HFE and non-HFE genes could be contributory factors for a diagnosis of hereditary hemochromatosis. 3 response In 2002, an expert panel gathered to consider a new definition for hereditary hemochromatosis and at that time it was emphasized that "the disease of hereditary hemochromatosis is defi ned in terms of phenotype not genotype. Thus, the identifi cation of any of the HFE mutations is, by itself, insuffi cient for the diagnosis of this disease. Instead, the identifi cation of the genetic abnormality provides evidence of susceptibility to developing the phenotype". 1 In this regard Beutler wrote: "the HFE Cys282Tyr mutation is a necessary but not suffi cient cause of clinical hereditary hemochromatosis". 2 Most cases (averaging 85%-90%) of hereditary hemochromatosis are caused by homozygosity for the C282Y mutation in the HFE gene. Another 3%-5% of patients with this disease are compound heterozygotes (C282Y⁄H63D). 3 Patients with iron overload, particularly if they have environmental or other causes of iron accumulation and tissue injury (such as iron-loading anemia, chronic hemolysis, blood transfusions, excess dietary intake, hepatitis C, alcoholism, or steatohepatitis), should be considered to have acquired iron overload even if they are heterozygous for C282Y or H63D (found in 10%-20% and 15%-30% of persons of Northern European extraction, respectively). 3 In our study, the criteria for diagnosing iron overload included two fasting measurements of the transferrin saturation index (TS), with results ≥ 60% in males and ≥ 50% in females, and/or serum ferritin con centrations exceeding 300 ng/ml in males or 200 ng/ml in females.
According to Powell (2002) , the criteria for diagnosing established hereditary hemochromatosis include at least one of the following in the absence of other known causes of iron overload: 1) Stainable hepatic iron grade 3 or 4; 2) Hepatic iron concentration > 80 mM/g (dry weight); 3) Hepatic iron index (hepatic iron concentration/age) > 1.9; 4) Removal of 5 g of iron or more by therapeutic phlebotomy without inducing iron defi ciency; 5) Diagnosis of HFE-associated hemochromatosis, confi rmed by demonstration of homozygosity for the C2828Y mutation or compound heterozygo sity for C282Y and H63D. 4 In our study, 12 out of 35 iron overload patients underwent liver biopsy. All of them presented hepatic siderosis (grade 3 or 4 stainable hepatic iron). Their main clinical and laboratory characteristics are shown in Table 1 .
In some patients with secondary hemochromatosis, it is important to study the HFE mutations, especially in those who present iron overload much greater than expected.
Heterozygosity for C282Y or H63D may contribute towards iron overload because of another condition, but should not be considered to be the only cause of iron overload or as diagnostic for hereditary hemochromatosis.
Bacon et al. observed that in many chronic liver diseases, heterozygosity of mutations in HFE may contribute to iron overload. 3 We observed that the beta-thalassemia trait might increase the severity of hemochromatosis in subjects with the C282Y mutation in the HFE gene. 5 Piperno et al. demonstrated that the beta-thalassemia trait aggravated the clinical condition of C282Y homozygotes, thus favoring higher rates of iron accumulation and the development of severe iron-related complications. They suggested that the coexistence of the beta-thalassemia trait might also increase the risk of iron overload in patients with HFE genotypes who were at mild risk of hemochromatosis. 6 We agree with Bittencourt PL that the absence of HFE mutations does not rule out hereditary hemochromatosis. We know that there are other hereditary forms of this disease that may be secondary to other mutations in the HFE gene or other genes involved in iron metabolism. We are now studying a mutation in the transferrin receptor-2 gene and in the DMT-1 gene, among patients with iron overload and normal HFE genotype. 
